We describe the spectroscopic evolution of the extragalactic luminous blue variable NGC 2363-V1 from 1997 to 2004. Photometrically, this star has gradually faded by 0.3 mag in the V band over this period, while spectra obtained with the Hubble Space Telescope show dramatic changes: a gradual strengthening of the UV flux (a fourfold increase at 120 nm) is accompanied by a weakening of all Balmer lines (a factor of 3 at H), the disappearance of the absorption component of the P Cygni profile at H, the appearance and strengthening of He i lines in emission, and a shift of the main source of UV line-blanketing from Fe ii to Fe iv. These long-term changes show that the star's effective temperature has been constantly rising between 1997 and 2004, while its mass-loss rate has significantly decreased. We also note a possible increase in the bolometric luminosity of V1 during this period.
INTRODUCTION
The most massive stars evolve on very short timescales compared with solar-type stars, and although they are comparatively very scarce, large-scale surveys and regular monitoring of nearby galaxies, or even pure luck, allow us to observe and analyze, as they unfold, important evolutionary events: core-collapse supernovae are the most obvious examples, giant eruptions of luminous blue variables (LBVs; Conti 1984; Humphreys & Davidson 1994) are less common. This paper presents the spectroscopic evolution of an extragalactic LBV currently experiencing a giant eruption: NGC 2363-V1.
LBVs are evolved massive stars experiencing a relatively short ($10 4 yr) phase of instability during which they lose an important fraction of their original H-rich envelope through a series of increased mass-loss rate episodes. The census of Galactic LBVs (confirmed and candidate) was recently updated by Clark et al. (2005) . Among the 35 stars in their list, only two ( Car and P Cygni) were observed during a giant eruption, while 18 others are surrounded by a gaseous and /or dusty ejection nebula, presumably as a result of a sudden increase in mass-loss rate during such an outburst in the recent ( 10 3 yr) past. Extragalactic examples of giant LBVeruptions are known from photometric monitoring, some of them being originally classified as supernovae ( Van Dyk 2005) . The exact mechanism giving rise to such outbursts is unknown (see, however, Maeder et al. 2005) , partly because of the lack of high-quality spectroscopic data during these events.
Variable 1 in NGC 2363 ( NGC 2363-V1, or V1) was discovered while comparing Wide Field Planetary Camera 2 (WFPC2) images of the giant extragalactic H ii region NGC 2363 obtained in 1996 January with images of the same region obtained in 1992 at the Canada-France-Hawaii Telescope (CFHT; Drissen et al. 1997) : while V1 was by far the brightest star in the WFPC2 image, nothing obvious was visible in the CFHT image at this location. Further searching in the CFHT archives, however, showed that a bright star was present in 1995 but had remained unnoticed. ''Bright'' is quite relative here because, owing to the extragalactic nature of this star, and despite its high luminosity, V1's V-band magnitude is close to 18.
A spectrogram obtained shortly after the discovery with the Multi-Object Spectrograph at CFHT showed the presence of a strong H line in emission, indicating a very high mass-loss rate. We have obtained Hubble Space Telescope (HST ) Space Telescope Imaging Spectrograph (STIS) spectra of V1 almost once a year since 1997. Analysis of the first two series of spectra was presented by Drissen et al. (2001) , who concluded that V1 is an LBV currently experiencing a major eruption.
In this paper we present the entire data set (including a new reduction of the 1997 and 1999 data) interrupted by the unfortunate failure of STIS's power supply in 2004 August. After a description of the environment in which V1 is evolving and some parameters used in the analysis (x 2), we present the observations and some details about data reduction (x 3). A qualitative description of the spectrum and its evolution is presented in x 4. We conclude (x 5) with a comparison between the current eruption of V1 and that of Car. A more precise quantitative analysis of this data set based on the code CMFGEN ( Hillier & Miller 1998 ) is deferred to another paper.
THE ENVIRONMENT
Located at the end of the bar in the dwarf galaxy NGC 2366, NGC 2363 is a giant H ii region similar in size and H luminosity to 30 Dor in the Large Magellanic Cloud. Its star formation history is described in detail by Drissen et al. (2000) and is only briefly summarized here. NGC 2363 is a two-stage starburst.
The western knot (labeled cluster A) is clearly the youngest; it is a very dense cluster still partially embedded in its dust cocoon, hosting dozens of massive hot stars younger than about 1 million years. V1 is located in the eastern portion of the H ii region (cluster B). This cluster is slightly older; its age has been estimated to be between 2.5 and 4 million years based on the profile of the UV wind lines in the integrated light of the cluster, the presence of three Wolf-Rayet stars, and the kinematic age of the windblown bubble surrounding it.
Distance
NGC 2366 is a member of the M81 group; the distance and kinematics of this group have been studied recently by Karachentsev et al. (2002) . From the tip of the red giant branch, they determine a true distance modulus of (m À M ) 0 ¼ 27:52 for this galaxy. This is in very good agreement with the value of (m À M ) 0 ¼ 27:68 determined from a long-term study of the Cepheids in NGC 2366 by Tolstoy et al. (1995) . We adopt an average value of (m À M ) 0 ¼ 27:6, which corresponds to a distance of 3.3 Mpc.
Metallicity and Extinction
The metallicity of NGC 2363 is subject to controversy: most analyses, based on long-slit spectra, derive a value of 12 þ log (O/H) ¼ 7:9 (see, e.g., González-Delgado et al. 1994) , which corresponds to 0.1 Z . Luridiana et al. (1999) , reanalyzing published data taking into account temperature fluctuations within the nebula, conclude that the observed line ratios can be better fit with a higher metallicity of Z ¼ 0:25 Z . Modeling of the 1997 and 1999 HST spectra of V1 itself (Drissen et al. 2001 ) is in better agreement with the lower value of the metallicity.
Extinction in NGC 2363 has been determined by different techniques. Balmer line ratios from ground-based long-slit spectroscopy (e.g., see references cited above) yield E(B À V ) $ 0:10 Y 0:15, but since most of the nebular flux comes from cluster A, it may not be representative of the bubble in which V1 is located. A comparison of a UV spectrogram of cluster B with spectral synthesis models, as well as the Balmer line ratios of the nebula in the immediate surroundings of V1 (from our HST STIS spectra), suggest a lower extinction of E(B À V ) ¼ 0:06.
OBSERVATIONS AND DATA REDUCTION
V1 is located in a very dense environment (the densest part of cluster B in NGC 2363, containing dozens of OB stars only 1B4 away) with a high surface brightness and nonuniform H ii region, such that good-quality ground-based spectroscopic observations of this star are very difficult to obtain because the Balmer and helium lines are strongly contaminated by nebular emission. Equally important, the UV part of the spectrum of OB stars is extremely rich in diagnostic lines. We therefore requested and were granted observing time with the STIS onboard the HST. Six series of spectra covering the range from 115 to 1000 nm were obtained between 1997 and 2004 (see Table 1 ). The visible and UV data sets were usually obtained on different days to avoid problems caused by the passage of the telescope through the South Atlantic Anomaly, but they were never taken more than 2 weeks apart. Gratings G140L, G230L, G430L, and G750L were used to cover the entire wavelength range at low resolution, while the H and H regions were covered with the medium-resolution gratings G750M and G430M (see Table 2 ). The G430M grating was used only between 2001 and 2004.
The standard reduction pipeline for STIS data, CALSTIS, produces fully reduced, one-dimensional spectra of the target stars. However, in the case of V1, two complications occurred that prompted us to redo ''by hand'' the last step of the reduction, namely, the transformation of the two-dimensional, flux-calibrated data to the final one-dimensional spectrum. First, the pipeline extracted the wrong spectrogram in the G140L 1997 data because the brightest object in the spectroscopic image was not V1. Most important, the pipeline did not properly subtract the nebular, highly nonuniform background. This affected all Balmer lines, of course, but also the weaker absorption lines of He i k5016 and Fe ii k5018, very close to the strong nebular [O iii] k5007 line. Because the orientation of the STIS slit varied between each exposure, and because of the intrinsic variability of the stellar lines, great care was taken in proper background subtraction. All data sets were first reduced with the same version of CALSTIS and then with the same manual extraction procedure in IRAF to ensure the uniformity of the reduced data.
SPECTRAL EVOLUTION

The Continuum
A light curve of V1 during the early phase of the eruption is presented in Figure 1 of Drissen et al. (2001) . Our Figure 1 shows an update of this light curve between 1997 and 2004 in two bands: the visible (550 nm) and the UV (170 nm). It shows a regular decline in the visible accompanied by a more pronounced brightening in the UV. The light curve of V1 since the onset of the eruption is much less erratic, and its fluctuations are of much lower amplitude than those of Car between 1837 and 1860 (see Humphreys et al. 1999) . Table 3 presents measures of the continuum flux (not dereddened) in various spectral regions over the years.
The spectrum of V1 (see Figs. 2 and 3) is very blue, dominated in the visible range by strong Balmer emission lines that betray a very high mass-loss rate and in the UV by line-blanketing from iron lines, especially at early epochs. The most conspicuous spectroscopic evolution observed in the continuum is the gradual strengthening of the UV flux distribution (the flux increased by a factor of 4 near Ly), accompanied by a shift of the main source of blanketing (see below), indicating a significant temperature increase. V1 shows an uncommon Balmer jump, strongly in emission. We should note that this is not caused by a calibration mismatch between the blue and UV gratings, because the Balmer jump is entirely within the G430L range. If a temperature change is occurring at constant luminosity, one may expect a decrease in the visible continuum corresponding to the rise in the UV flux. Figure 2 and Table 3 show that the UV flux enhancement between 1997 and 2000 is not fully compensated by a corresponding weakening of the visible, suggesting that there has been an actual increase in the luminosity of V1 between these epochs. The weakening of the continuum flux redward of 3000 8 is, however, more pronounced in 2004. To quantify the variations in bolometric luminosity, we have measured the integrated flux, after dereddening the data assuming E(B À V ) ¼ 0:11 (as suggested by nebular spectroscopy and from our modeling of the spectra; see the next paper of this series), between 1250 and 10000 8. From this we conclude that the continuum flux of V1 in this wavelength range increased by about 20% between 1997 and 2001 and slightly decreased afterward. Since a significant fraction of the flux is shortward of 1100 8, especially in the later data sets, this value represents a lower estimate to the actual variation in bolometric luminosity of the star.
UV Spectral Lines
The UV spectrum ( Fig. 4) is characterized by a forest of Fe absorption features and numerous absorption lines typical of B supergiants (such as Si ii, Si iii, Si iv, C iii, and C iv). However, the broad P Cygni profiles usually seen in early-B supergiants ( Walborn et al. 1995; Evans et al. 2004a Evans et al. , 2004b are not observed in V1 because of its slow wind. Figure 4 shows that the main source of blanketing observed in Figure 2 NGC 2363-V1 is obviously not a ''normal'' supergiant star, but its UV and optical appearance is that of an extreme B supergiant (e.g., P Cygni; Najarro et al. 1997 ) rather than the optically thick wind of Car ). As such, a first estimate of the temperature change from 1997 to 2004 can be drawn from a comparison of our data set with a sequence of UV spectra from low-metallicity SMC B supergiants of different spectral subtypes (Evans et al. 2004b ). The changes in the ionization structure observed in V1 from 1997 to 2004 are reminiscent of a transition from a B5 to a B0 spectral type. Trundle et al. (2004) , Trundle & Lennon (2005) , and Crowther et al. (2006) have analyzed optical spectroscopy of Galactic and SMC supergiants, for which effective temperatures of 14,000 and 26,000 K at spectral types B0.5 and B5 were estimated, with bolometric corrections of À1.2 and À2.6 mag, respectively. With respect to normal B supergiants, high mass loss has the effect of suppressing bolometric corrections, such that P Cygni ( B1.5 Ia+) has a bolometric correction of À1.5 mag versus À2.0 mag for HD 14956 ( B1.5 Ia). Nevertheless, bolometric corrections of À1.2 mag for V1 in 1997 and À2.6 mag in 2004 would suggest an increase in the bolometric magnitude of up to 1.1 mag for V1 between these epochs, given the 0.3 mag decrease in V-band magnitude from 1997 to 2004. In a forthcoming paper we will use these values as guidelines for a detailed spectral model analysis.
In spite of this large temperature increase, none of the UV spectral lines have developed a significant P Cygni profile typical of early-B supergiants; in particular, the Si iv (1400 8) and C iv (1550 8) are completely dominated by interstellar and photospheric components. In supergiants these lines develop P Cygni profiles at types B3 Ia and earlier in Galactic stars, whereas they are dominated by photospheric and interstellar components until B1 Ia in the SMC (Evans et al. 2004b ).
Visible Lines
The rectified low-resolution spectrograms in the visible range are displayed in Figure 5 . It shows the other striking variation in the spectrum of V1, namely, the gradual decrease in the strength of all Balmer lines between 1997 and 2004. The only notable exception is H, which significantly strengthened between 1997 and 1999 before weakening later on (see below). The He i lines, which were barely detectable in the earlier low-resolution spectra, became strong emission lines in 2001, and their strength has continuously increased since then. This behavior is expected due to the increase in stellar temperature. We note the absence of He ii lines at all times, which sets a upper limit to the star's effective temperature in the range of 25,000 Y30,000 K. We also note that the Fe ii lines (k4923, k5018, and k5171), present between 1997 and 2000, disappeared later. This behavior is consistent with that of the UV lines of Fe ii.
The variation of the Balmer lines is best illustrated by our medium-resolution spectrograms of the H line ( Fig. 6 and Table 4 ). In 1999, when the H line reached its maximum strength, its flux was 7:4 ; 10 À14 ergs s À1 cm
À2
, corresponding to an intrinsic H luminosity of 2:4 ; 10 3 L [assuming E(B À V ) ¼ 0:11]. The equivalent width of this line decreased by a factor of 4.4 between its 1999 maximum and 2004 minimum. If the rise in the effective temperature of the star deduced from the hardening of the UV flux had occurred at a constant mass-loss rate, the equivalent width of the Balmer lines should have increased. Therefore, the mass-loss rate must have decreased by at least a factor of 2 to produce such a weakening.
The blueshifted absorption component of the H line, which was visible at early epochs, disappeared in 2001. This behavior, which was also observed in the Galactic blue supergiant He 3-519 (Crowther 1997 ) between 1991 and 1996, is well modeled by a reionization of the outer part of the wind as the effective temperature increases (see Najarro et al. 1997 ). The width of the H line is also changing, reaching a minimum in 2001 (corresponding to a wind terminal velocity of 230 km s À1 ) but gradually increasing since then. This indicates changes in the wind structure, or at least in the wind terminal velocity. The average wind terminal velocity during the observing period, deduced from the profile of the H line, is quite low, at 300 km s
À1
. This is much lower than the typical wind velocities of normal early-B supergiants in the SMC ( Trundle & Lennon 2005) . Figure 7 shows medium-resolution spectrograms of the H, He i k4387, and He i k4471 lines between 2001 and 2004 ( prior data sets did not include spectra obtained with the G430M grating). The strength of H follows that of H , but the blueshifted absorption component disappeared later than that of H, a behavior expected if indeed the wind reionized gradually. We also note the gradual transformation of the pure absorption line of Finally, we show in Figure 8 a montage of the Balmer line profile, which depicts two important characteristics of V1's wind that models will be required to reproduce: the intensity ratio of the absorption to the emission components, which decreases significantly and continuously during the observing period and which increases as one progresses along the Balmer sequence.
CONCLUSIONS
Prior to a detailed quantitative analysis of the spectra, we can conclude that V1 is a very luminous, hot star with a very high mass-loss rate but a slow wind. Our spectra also show that its effective temperature has significantly increased, while its massloss rate decreased between 1999 and 2004.
V1 is now a very luminous star: with log (L/L ) ¼ 6:35 in the early phase of its eruption ( Drissen et al. 2001) , and an obvious increase since then, its luminosity is comparable to that of Car in its present state. Unfortunately, we have very little information about the status of V1 prior to 1994, except that it was fainter than V ¼ 22. Every realistic scenario about the status of the star prior to the 1994 event (O3 to B0.5 supergiant) leads to the conclusion that the bolometric luminosity, mass-loss rate, and radius of V1 increased dramatically after 1994.
This event is not, therefore, a ''normal'' LBV excursion in the H-R diagram, like that experienced by AG Car in the 1990s (Leitherer et al. 1994) or, more recently, by S Dor (Massey 2000) . It is more likely a ''giant eruption'' ( Humphreys & Davidson 1994) but much less energetic than that experienced by Car in the 19th century. Indeed, the total amount of mechanical energy involved in V1's eruption is much less than that experienced during Car's Great Eruption. With an initial mass-loss rate ofṀ ¼ 5 ; 10 À4 M yr À1 in 1997 ( Drissen et al. 2001) , the subsequent decrease deduced from the observations presented here, and an average wind terminal velocity of 300 km s À1 , the total mechanical energy output of V1 over the last decade is E wind $ 10 46 ergs. During the same period, the total luminosity output was about 500 times larger, E photons $ 5 ; 10 48 ergs. This is in striking contrast to the ratio observed during Car's Great Eruption, which was at times close to 1 ( Humphreys 2005) . The second eruption (1890) of Car was less energetic (E wind $ 10 47 ergs) but still an order of magnitude stronger than V1's current event. The lower initial mass of V1, as suggested by its relative faintness prior to the eruption, probably explains part of this discrepancy. But the role of line-driven winds during the eruption is not totally understood; the much lower metallicity of V1 could then be responsible for the relatively low mass-loss efficiency of this eruption.
A surprising conclusion of our analysis is that the bolometric luminosity of V1 may have increased by up to 1.1 mag as the star got hotter, based on the fact that its spectacular brightening in the UV is not sufficiently compensated for by a decline in the visible. One could also consider the possibility that the ejection of material during the eruption is nonspherical. Many observations suggest that the winds of LBVs, and that of Car in particular (Smith et al. 2003) , are not spherically symmetric. Changes in the density, velocity, or temperature gradients between the poles and the equator as the eruption proceeds could mimic an increase in luminosity. This possibility will be explored in a forthcoming paper.
It is very likely that V1 will continue its blueward evolution, at lower luminosity, over the next few years. While UV spectroscopic monitoring of V1 is impossible in the foreseeable future, high-resolution ground-based spectra in the visible, combined with HST UV photometry, will provide important information on the late phases of this giant eruption. Finally, we note that we have not monitored the infrared flux of V1 after 1999; this should certainly be done in the next few years. It has been suggested (Smith 2005 ) that dust formed around Car very early after the onset of its 1837 eruption. In the case of V1, however, the total amount of gas ejected so far (less than 0.01 M ) is very small, and therefore we do not expect a significant increase in the infrared flux due to the presence of dust.
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